Introduction 60
Many gastropod neurons express a cAMP-induced sodium current 61 (I Na,cAMP ; Green and Gillette, 1983; Connor and Hockberger, 1984a ) activated by 62 direct cAMP gating (Sudlow et al., 1993) . The current takes two forms -Types 1 63 and 2, differentiable on the basis of their voltage dependence (Gillette and 64 Green, 1987; Huang and Gillette, 1993) . Observations that cell signaling 65 pathways could target pH i in molluscan neurons 66 1984b ) was followed by finding that the Type 1 I Na,cAMP , most often found in 67 neurons of the feeding motor network of Pleurobranchaea, was highly sensitive 68 to small changes in pH i , where current amplitude was increased with acidification 69 (Green and Gillette, 1988 ; also see Aldenhoff, et al., 1983) . The Type 2 I Na,cAMP 70 form, found in pedal ganglion neurons, was entirely insensitive to pH i (Huang and 71 Gillette, 1991 Gillette, , 1993 . 72
The functional benefit of pH sensitivity of I Na,cAMP has been a question 73
without an obvious answer since its discovery. However, recently the pH 74 sensitive I Na,cAMP was shown to be highly sensitive to potentiation by NO activity, 75 while the pH-insensitive form was not (Hatcher, 2003; Hatcher et al., 2006) . 76
Thus, NO excited many neurons of the feeding motor network expressing both 77 I Na,cAMP and apparent resting levels of cAMP, but lacked detectable actions on the 78 pedal locomotor neurons. 79 NO potentiation of I Na,cAMP was not dependent on cGMP, as it was not 80 mimicked or blocked by cGMP analog, or by inhibitors of cGMP synthesis or 81 PKG (Hatcher et al., 2006) . Effects were specific to NO, as they were induced by 82 several different donors and abolished by depletion of donor through exposure to 83 air at room temperature. NO synthase activity is considerable in the feeding 84 network of Pleurobranchaea (Moroz et al., 1996; Cruz et al., 1997; Floyd et al., 85 1998) . 86
We asked whether NO might act through altering intracellular pH. To 87 study potential effects of NO on pH i , we used the same well-studied, identified 88 neuron previously used to characterize NO-induced potentiation of I Na,cAMP 89 (Hatcher et al., 2006) , the serotonergic metacerebral giant neuron (MCG; Gillette 90 and Davis 1977; McCrohan and Gillette 1988 ). This neuron is conserved in 91 cerebral ganglion lobes of many gastropods and provides neuromodulatory 92 excitation to the feeding motor network (Gillette and Davis, 1977) . 93
Clamping pH i blocked the potentiating effects of NO on I Na,cAMP . Using 94 indicator dyes, we observed that NO induced rapid intracellular acidification. 95
These results clarify a mechanism of the excitatory effects of NO on the feeding 96 motor network of Pleurobranchaea, as well as documenting a novel mechanism 97 for NO action in biological systems. 
180
NO donors potentiate the I Na,cAMP response to iontophoretically injected 181 cAMP in neurons of the feeding motor network (Hatcher et al., 2006) , including 182 the MCG neurons (Fig. 1A) . In a total of 16 MCG neurons the NO donor DEA-183 NO enhanced the I Na,cAMP response on average by 85% (24% SEM) over control, 184 pre-donor measures (p < 0.001; 2-tailed t-test). Intracellular acidification of a few 185 tenths of pH unit was previously shown to have a similar effect (Green and 186 , which is recapitulated in the records of Figure 1B previously observed following acidification in mollucan neurons (Ahmed and 213 Connor, 1980; Thomas and Meech, 1982) . 214 215
Discussion 216
The results show that NO promotes intracellular acidification in neurons 217 whose excitatory state is markedly sensitive to pH i . This demonstration is 218 significant in providing a functional answer to a long-standing question 219 concerning the likely import of the marked pH sensitivity of I Na,cAMP in gastropod 220 neurons (Aldenhoff et al. 1983 ; Green and Gillette 1988) . 221 222 NO/pH i regulation of Type 1 I Na,cAMP 223
Until now, no clearly relevant functional context for the pH sensitivity of 224 I Na,cAMP has been available. We previously documented two forms of I Na,cAMP . 225
One is the pH-sensitive Type 1 form found in many neurons of the feeding motor 226 network in the opisthobranch gastropods Pleurobranchaea Gillette 227 1983, 1988) , Navanax and Aplysia (unpublished results), and in the pulmonate 228 snails Helix (Aldenhoff et al. 1983 ) and Lymnaea (McCrohan and . 229
This current is a highly sensitive indicator of pH i , responding with measurable 230 amplitude change to ∆pH i of 0.03 unit and closely following induced changes in 231 pH i (Green and Gillette 1988) . Two unpublished observations in excised patches 232 indicate a population of pH-sensitive I Na,cAMP channels (Sudlow and Gillette). In 233 contrast, the Type 2 form of I Na,cAMP , so far found mainly in neurons of the 234 locomotor network (Huang and Gillette, 1993) , is both relatively insensitive to 235 changing pH i and to the potentiating effects of NO (Hatcher et al., 2006) . 236
Demonstration of NO-induced acidification in the MCG provides a 237 mechanism for potentiation of Type 1 I Na,cAMP by NO in the same neuron (Hatcher 238 et al., 2006) . It also provides a likely pathway for the ability of exogenous NO to 239 activate the feeding motor network (Moroz et al., 1995) . The MCG itself is a 240 neuromodulatory excitor of the feeding network (Gillette and Davis, 1977 NOS activity in Pleurobranchaea's CNS is high, comparable to that of 249 mammalian brain when assayed in vitro (Moroz et al. 1996) , and localized to 250 numerous neurons in the feeding and locomotion motor networks (Cruz et al 251 1997; Floyd et al. 1998b ). The presence of NOS in the feeding motor network 252 and the ability of NO to activate the feeding motor rhythm suggest a normal role 253 in regulating the excitability of the feeding neurons, acting on I Na,cAMP through pH i . 254
Mechanisms of NO action in altering pH i remain to be explored. 
